We studied actuarial present values of annuities under stochastic interest driven by reflected Brownian motion and Poisson jump process. We obtained their explicit expressions and discussed the effect of stochastic interest on actuarial present value by data analysis.
Introduction
In traditional actuarial theory, it is assumed that interest rate is fixed, but this is not the fact. Interest fluctuates with the change of financial environment and policy. So the study of actuarial theory under stochastic interest has become a hot topic in recent years.
The Methods to model stochastic interest involve stochastic perturbation, point process, semi-martingale and time series etc. Since 1990's, some researchers have constructed interest models by stochastic perturbation methodology and applied it to actuarial science, see Beekman & Fueling [1] .
Then many researchers used this method to study some problems in life insurance, annuity, risk theory, option pricing etc., see [5, 8, 9] and their references. Standard Brownian motion is an important tool in modeling stochastic interest in the forgoing researches. But in reality it may be negative, which is conflict with the fact. So the reflected Brownian motion is used to model the perturbation change instead of Brownian motion and the related actuarial problems in life insurance were studied, see [2, 3, 4, 6, 7] . However, few studies have been done on the analysis of annuity under stochastic interest modeled by the reflected Brownian motion and Poisson process. This paper is organized as follows. Section 2 describes the stochastic model. Section 3 gives the explicit expression of APV of life annuity. Section 4 shows the analysis numerically. Section 5 concludes this paper.
Stochastic Interest Model
The accumulated interest rate function ( ) 
Actuarial Present Value of Life annuity Under Stochastic Interest
Life annuity is a series of payments based on the survival of the recipients within a certain period. This paper discussed temporary life annuity, life annuity and deferred life annuity.
To illustrate conveniently, we let ( ) 
Theorem 1
Suppose that the following two conditions are satisfied, (I) the accumulated interest rate is described by the reflected Brownian motion and Poisson process, see formula (2.1), and (II) the payment period is from a to b and every payment is 1 . Then the actuarial present value of annuity paid at the beginning of the year is:
is the n-year temporary life annuity paid at the beginning of the year;
x a F ɺ ɺ = is the life annuity paid at the beginning of the year;
is the m deferred n years annuity paid at the beginning of the year. Proof Let Y be the random variable of the present value of life annuity when the payment is one unit. 
the proof is completed.
Theorem 2
Suppose that the following two conditions are satisfied, (I) the accumulated interest rate is described by the reflected Brownian motion and Poisson process, see formula (2.1), and (II) the payment period is from a to b and every payment is 1 . Then the actuarial present value of the annuity paid at the end of the year is:
Especially: Proof Note that the time of every payment is at the end of the year, we can complete the proof by following the similar deduction as in Theorem 1.
Data Analysis
To find the effect of stochastic interest on APV, here we give some data analysis based on the result in Theorem 1. We take n-year temporary life annuity paid at the beginning of the year as an example.
For convenience, we might as well suppose that 1 , 10 = = σ λ From Table 1 , we can find that APV of life annuity decreases significantly as δ and γ increases respectively when other parameters keep unchanged.
These results exhibit the importance to introducing stochastic interest in pricing life annuity.
Conclusion
In this paper, we studied life annuity in classical theory under stochastic interest rate. We assumed the interest rate to be a stochastic process perturbed by reflected Brownian motion and Poisson process. We obtain unified explicit expressions for APVs of life annuities. Further the data result provides insights into the effect of stochastic interest on life annuity, and show the importance of introducing stochastic interest.
